Abstract
Context
Ancient Egyptians identified diabetes for the first time in 1500 BCE as a rare disease marked by excessive urination (1) . Nowadays, diabetes is the most common metabolic disease with an incidence of 2.8% in the year 2000; if this situation persists, the incidence is expected to rise to 4.4% in the year 2030 (2) . Currently, 382 million people are afflicted with diabetes worldwide and it is predicted that this number is 552 million people in 2030 (3, 4) . Diabetes is one of the disasters of the current century, responsible for the death of 9 million people a year and 9% of total global death cases (5) .
Diabetes causes other complications such as cardiovascular diseases, cerebrovascular problems, circumferential vessels, retinopathy, neuropathy, diabetic legs, amputation, and depression (6) . Diabetes, similar to other chronic potassium, and magnesium; however, dairy products also have saturated fats which raise cholesterol (9) . These issues lead the researches to come up with different results.
Some scholars believe that dairy products have protective effects against diabetes (10, 11) , whereas futuristic researches in 2013 mentioned that dairies have no effect on diabetes (12, 13) .
Thus, it seems necessary to conduct a meta-analysis study, as there is no consensus of opinion on the relationship between dairy products consumption and the risk of diabetes. The current paper aimed at reaching a unique result by studying and summarizing the previous relevant studies.
Evidence Acquisition

Search Strategy
The current paper searched through databases of PubMed (February 1992 to March 2016), Science Direct (April 1870 to December 2015), Scopus (May 1986 to March 2016), and Web of Science (April 1870 to March 2016); the searching method used the keywords ("dairy" OR "milk" OR "cheese" OR "butter" OR "cream" OR "yogurt" OR "yoghurt") and ("NIDDM" OR "T2DM" OR "diabetes" and ("follow-up" OR "cohort" OR "observational"). To get more contexts, authors took advantage of reference studies and initiated contacts with the authors. The grey literatures were searched using Google Scholar as well.
Inclusion Criteria
All original articles from prospective cohort and casecohort studies on the relationship between the consumption of dairy products and the risk of diabetes were considered regardless of limitations in age, gender, language, race, and publication year. Out of multiple publications focusing the same population studies, just the ones with longer following-up periods were included. The study solely authorized the inclusion of healthy people; therefore, the ones with diabetes in baseline population were excluded from the study. Additionally, the articles which focused on just one type of dairies or covered the relationship between dairy products consumption and rate of death from diabetes were excluded. The study defined the exposure to all dairy products and the outcome of the study was the incidence of diabetes.
Data Collection and Validity Assessment
Two researchers, independently, took the responsibility of selecting the articles and assessing their validities; different opinions between the researchers were settled by consulting a third researcher. The current study applied blinding and task separation to the study selection. The inter-authors reliability based on kappa statistics was 81%.
The extracted variables to analyze the date comprised corresponding author's surname, title of the study, publication year, the place where the study was carried out, subjects' age at the baseline, subjects' gender, target population, follow-up period, type of dairies, and the diabetes cases.
To evaluate the quality of the studies, 7 items on the STROBE (strengthening the reporting of observational studies in epidemiology) checklist were selected: meticulous references based on the framework of the study, following-up period, inclusion and exclusion criteria, definition of corollaries and criteria, identification and measuring methods of corollaries and criteria, definition of exposure and its measurement method, number of included and excluded people at each stage, and the target population of the study. The studies in compliance with all 7 items on the STROBE checklist were classified as highquality studies; those observing 6 items were of mediumquality. The studies that did not conform to 2 or more items on STROBE checklist were classified as low-quality studies.
Measures of Exposure Effect and Data Analysis
Pooled measures were calculated as the inverse variance-weighted mean of the logarithm of rate ratio (RR) and heterogeneity ratio (HR) with 95% confidence interval (CI) to assess the strength of association. In the current study, relative risk was defined as the risk of diseases in people with the highest rate of consumption of dairy products compared to the risk of diseases in people with the lowest rate of dairy products consumption; rate ratio was defined as diabetes cases, by the years one, exposed to the risk of diabetes in people with the highest rate of dairy products consumption in proportion to diabetes cases, by the years one, exposed to the risk of diabetes in people with the lowest rate of consumption of dairy products. The data was analyzed using Stata 11, and results were reported via random effect models.
Heterogeneity, Publication Bias, and Sensitivity Analysis
To assess the data heterogeneity in statistical terms, the Chi-square (χ 2 ) test was used, and to evaluate heterogeneity quantitatively, I2 statistical test came into use. This test was interpreted in terms of the Higgins classification: 25% for low heterogeneity, 50% for medium heterogeneity, and 75% for high heterogeneity. The funnel plot was used to investigate the publication bias, and the Begg and the Egger tests were utilized to measure it statistically. Sensitivity analysis was applied to leave out any studies which would make a remarkable difference in the estimation of 2 Iran Red Crescent Med J. In Press(In Press):e14140.
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the current study compared to the time the study was not included.
Results
Based on the search and study of 1391 articles, 448 were excluded because of duplication; considering the thorough summing-up of the remaining 943 articles, full text of 22 studies met the inclusion criteria of the current metaanalysis; 3 (14-16) studies were left out again as they focused on just one type of dairy products, and 5 others (17-21) were excluded because they reported adjusted indices and did not have access to the required information to calculate the raw index. In addition, out of 2 publications with similar populations (22, 23) , the 1 with the shorter follow-up period (22) was excluded. Thus, 13 publications were included in the current study, although 1 publication (23) just extracted the information of 2 other studies. Finally, the details of 14 populations, viz. 458,082 people, were enrolled in the current meta-analysis. Figure 1 displays the method of selection in the current study.
To estimate the dairy products in 12 populations, the food frequency questionnaire (FFQ) was used, but as to one population (24), a questionnaire covering socioeconomic, lifestyle, and dietary factors was utilized. The other remaining population (9) used a 7-day diary; 9 studies were classed as high-quality ones, and 5 as the middle-quality ones. Some other features of these publications are shown in Table 1 .
Effect of Exposure
Two indices of relative risk and rate ratio were used to show the effects of total dairy, low-fat dairy, and highfat dairy on the risk of diabetes. In the current study, using both indices revealed that dairy products consumption had a preventive impact on the risk of diabetes. It decreased the risk of diabetes by 8% to 12% (total dairy: relative risk = 0.88 (95%CI: 0.80, 0.96); rate ratio = 0.92 (95% CI: 0.88, 0.97)). The rate was 11% to 19%, while consuming lowfat dairy (relative risk = 0.81 (95% CI: 0.68, 0.96); rate ratio = 0.89 (95% CI: 0.85, 0.93)). Despite the fact that high-fat dairy curtails the risk of diabetes, this relationship was not statistically significant according to the results of the current study (relative risk = 0.98 (95%CI: 0.78, 1.24); rate ratio = 1.01 (95%CI: 0.96, 1.06)).
Heterogeneity
Heterogeneity was assessed via the Chi-square test and I 2 statistics (Figures 2 and 3 ). There was homogeneity in estimating the relative risk of total and high-fat dairy studies, while in low-fat dairy studies there was an average heterogeneity (I 2 = 65.6%). By the estimation of RR in total dairy studies, the heterogeneity was 94.9%, dropping to 80.5% after the exclusion of Chio study (28) : this change indicated that the study played a major role in heterogeneity. The heterogeneity figures of the studies on low-fat and high-fat dairies were 78.3% and 68.5%, respectively. Meta-regression could not be carried out to detect the reason for heterogeneity as there was lack of enough studies in all 3 groups.
Sensitivity Analysis
The sensitivity analysis in calculating the relative risk showed that the general estimation of studies did not change considerably when each study was excluded (the relative risk in total dairy was fluctuated from 0.86 to 0.89; the relative risk in low-fat dairy was fluctuated from 0.76 to 0.86; and the relative risk in high-fat dairy was fluctuated from 0.85 to 1). The sensitivity analysis in the current study, regarding the RR of total dairy indicated that the overall figure out of 8 studies was 0.89 (10, 23-25, 27, 28) ; with the exclusion of Chio study (28) , which had the greatest effect on this estimation, the RR figure changed to 0.92 (0.88, 0.97). On the contrary, there was no remarkable change by one-by-one exclusion of studies related to low-fat and highfat dairy (RR in low-fat dairy ranged from 0.80 to 0.86; RR in high-fat dairy ranged from 0.97 to 1).
Publication Bias
To show publication bias, funnel plots, the Begg and the Egger statistical tests were used. The graphs of the included studies are depicted in Figure 4 . There were no publication bias (statistical tests were insignificant for both relative risk and RR; except for the relative risk of total dairy, which was meaningful).
Discussion
In the current meta-analysis study, authors assessed the role of dairy products consumption in the risk of type 2 diabetes (T2D); therefore, the study combined the results of many cohort studies which assessed this association. The current study assessed the effect of 3 types of dairy products on the risk of T2D, including low-fat dairy, high-fat dairy, and total dairy. As a result of the current study, a significant association was observed between the higher consumption of dairy products and the lower risk of T2D. In addition, a protective association was indicated between the consumption of low-fat dairy and T2D, but the relationship between the consumption of high-fat dairy and risk of T2D was insignificant. A meta-analysis and published literature suggested a marginally lower risk of T2D with a higher dairy consumption and a consistent inverse relationship between the dairy products consumption and T2D risk (25) . Another meta-analysis estimated that the use of dairy products can reduce the risk of T2D by 7% to 14% (30, 31) . The results were consistent with 2 previous meta-analyses of cohort studies on dairy products and type 2 diabetes, finding inverse associations (30, 32 abetes. They used 17 cohort studies in their meta-analysis and suggested that the intake of dairy products, low-fat dairy products and cheese, had inverse relationship with the risk of type 2 diabetes as these products can decrease the risk of morbidity and the development of T2DM (30) .
Iran
In a meta-analysis by Tong et al., on cohort studies, an inverse association was found between the intake of dairy products, especially low-fat dairy, and T2DM. The association indicated a beneficial effect of dairy consumption on the prevention of T2DM development (32) . In a systematic review and meta-analysis accomplished by Gao et al., it was concluded that the intake of dairy products, such as low-fat dairy or other products, may contribute to the prevention of T2DM (3). In the study by Diaz-Lopez et al., the results showed a healthy dietary pattern, including the consumption of dairy products, particularly yoghurt, may have protective effects against T2D, especially in older adults (10) . Chen (2014) Liu (2006) Diaz-Lopez (2015) Diaz-Lopez (2015) Rob (2006) Chen (2014) Low Fat Dairy Subtotal (I-Squared = 78.0%, p = 0.000)
Liu (2006) Subtotal (I-Squared = 68.5%, p = 0.007)
Chen (2014) Chen (2014) Chen (2014) Ericson (2012) High Fat Dairy
Choi (2005) Diaz-Lopez (2015) Choi (2005) Rob (2006) Ericson (2012) Liu ( sociation between dairy products consumption and T2D. Dairy products are an important source of dietary calcium, vitamin D, proteins, and magnesium. Lactose and dairy proteins probably have a favorable impact on metabolic factors such as body weight, hypertension, and glucose homeostasis (23) . The inverse associations between dairy product intake and risk of some chronic diseases were well proven (33) . It was shown, in both animal experiments and human studies, that calcium increases insulin secretion and is essential for the insulin-responsive tissue such as skeletal muscles and adipose tissue; it may reduce insulin resistance (34) . In addition, some dairy products, especially low-fat products, may be fortified with vitamin D and is associated with reduced insulin resistance and diabetes risk (35, 36) ; it happens by influencing the insulin secretion and reducing the insulin resistance (34).
Advantages: 1) Previous studies presented information on biased pooled relative risk of dairy consumption regarding the diabetes; that is because they had used the adjusted RR. Since in primary studies the adjusted factors differ remarkably, these RRs are integrated according to biased summary measures, but the crud relative risks and RR were pooled in the current study. 2) Reported pooled risks in the current study were based on the relative risk and RR.
Disadvantages: 1) Despite many advantages of the current study, cohort studies are very likely to have errors, such as complexity, selection bias, and information bias. Therefore, it is better to conduct clinical trials to examine the relationship between dairy products and diabetes. 2) The number of studies carried out in this field is low; therefore, further studies should be conducted to fill the gap.
3) The evaluated relationship may lack reality, as it is influenced by different confounding variables.
Conclusions
The current study indicated that consumption of total dairy and low-fat dairy had a preventive impact on the incidence of diabetes; therefore, it seems that drawing up some plans in this regard can decrease the risk of the disease.
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